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Cohesinopathy syndromes are caused by defects in proteins involved in the process of 

sister chromatid cohesion. For proper cell division, this tightly regulated process holds 

sister chromatids together once these sisters are generated in S phase until chromosome 

segregation in mitosis. The process is carried out by a group of proteins that form the 

cohesin complex and associated proteins. In this thesis, Warsaw breakage syndrome 

(WABS) is added to the known cohesinopathies, which thus far included Cornelia de Lange 

syndrome (CdLS) and Roberts syndrome (RBS). For WABS there is only one patient 

described to date, thereby making it unfeasible to assign a definite clinical phenotype to 

this syndrome. As RBS and WABS are extremely rare and RBS is highly heterogeneous, 

causing some degree of overlap with other rare chromosomal instability disorders such as 

Fanconi anemia and Nijmegen breakage syndrome, misdiagnosis is conceivable if a 

diagnosis is solely based on clinical phenotype. However, examination of mitotic 

chromosomes will reveal defects in sister chromatid cohesion, and this feature can be 

used to distinguish these syndromes from other chromosomal instability syndromes. In 

unchallenged cells from RBS and WABS patients chromosomes show premature 

centromere division (railroad chromosomes), while after treatment with DNA-damaging 

agents such as mitomycin C or camptothecin, WABS cells show total loss of sister 

chromatid cohesion. This phenotype can be used to discriminate WABS from RBS. 

Remarkably, in CdLS patients, disturbances in sister chromatid cohesion are not 

observed (see Figure 4 in the Introduction & ref 1), although defects in cohesin subunits or 

the cohesin loader NIPBL are present in these patients. The lack of microscopically visible 

cohesion defects might be explained by the fact that CdLS is inherited in a dominant way, 

therefore leading to loss of only one allele, which is associated with a relatively modest 

reduction in protein level. In yeast, it has been shown that reduced levels of cohesion 

subunit Scc1 affect arm cohesion, but leaves centromeric cohesion intact2. However, these 

reduced protein levels did have a drastic effect on gene expression and DNA repair, which 

may give an explanation for the clinical and cellular phenotype of CdLS patients, despite 

the lack of obvious cohesion defects. In WABS and RBS, components are absent that 

establish sister chromatid cohesion at specific loci, in particular at the centromere, which 

can be clearly detected as railroad chromosomes in metaphase spreads. It is plausible that 

this also affects gene regulation and DNA repair, as suggested by the increased 

sensitivities to MMC and camptothecin observed in cells from WABS and RBS patients. 

However, because it is not known yet whether the cohesin complex requires cohesion 

establishment for gene regulation, this hypothesis remains to be verified. 

 Because of its proposed involvement in gene regulation and the developmental 

defects seen in the cohesinopathies, a role for sister chromatid cohesion in development 

is also expected. In order to study the role of cohesinopathy-causing proteins in 

development, several mouse models have been generated. Three mouse models have 
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been described for CdLS; one was made by deletion of one Nipbl allele (as ~60% of CdLS 

patients carry one mutated NIPBL allele), and two models were made by inactivating the 

Pds5A or Pds5B gene3-5. All three models exhibit phenotypes reminiscent of CdLS: pre- and 

postnatal growth retardation, cardiac defects, bone abnormalities, craniofacial 

dysmorphia, and high incidence of perinatal mortality. So far, no mouse models for RBS or 

WABS have been obtained, as Esco2 and Ddx11 knockout mice appeared to be embryonic 

lethal. We tried two different approaches to obtain Esco2-/- mice; either by using 

BayGenomics embryonic stem (ES) cells, in which the Esco2 locus was inactivated by gene-

trapping, or by using ES cells, in which a mutation in the Esco2 locus was introduced by 

oligo targeting, but both methods only yielded heterozygous mice. Also, an attempt to 

make Ddx11-/- mice resulted in embryonic lethality6. Cells isolated from the Ddx11-/- 

embryos revealed a G2/M cell cycle delay, an increased frequency of chromosome 

missegregation, and increased cohesion defects and aneuploidy. In our WABS patient, 

increased aneuploidy was not observed. The fact that this individual is alive (although the 

mother had two miscarriages in preceding pregnancies), might be due to a very low 

residual activity of the protein with the lysine deletion (K897del) encoded by the mutant 

allele inherited from the father. For RBS patients, which all have inactive ESCO2 protein7, 

this explanation does not hold. One reason for the difference between RBS and WABS 

patients and Esco2-/- and Ddx11-/- mice, might be that in mice all chromosomes are 

acrocentric, i.e. having their centromere at the very end of the chromosome, whereas in 

most human chromosomes the centromere is further away from the telomere. As 

centromeres seem to be most affected by the deficiency in ESCO2 and DDX11, centromere 

separation may have more drastic effects in mice and might therefore be incompatible 

with life. The reason that in untreated cells the absence of ESCO2 or DDX11 protein mainly 

results in cohesion defects at the centromere, but not at chromosome arms remains to be 

explained. Also, the finding that DDX11 seems to affect cohesion at the chromosome arms 

only under specific conditions, as shown by the strong increase in premature sister 

chromatid separation after treating WABS cells with mitomycin C or camptothecin, 

remains unexplained. Although not proven properly, we have indications that knockdown 

of ESCO1 also leads to a total loss of sister chromatid cohesion, which is independent of 

whether the cells have been treated with MMC. These phenotypic differences observed in 

mitotic chromosomes with or without treatment with DNA-damaging agents, suggest 

distinct functions of ESCO1, ESCO2, and DDX11 in sister chromatid cohesion 

establishment. The exact functions of these proteins in cohesion establishment either at 

the replication fork or in the absence of replication during G2/M remains to be studied in 

more detail. These studies are now feasible with the cell lines presented in this thesis.        

 Increasing our understanding of the cohesion pathway might lead us to better 

understanding and treatment of cancer. Its involvement in proper chromosome 
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segregation and gene regulation supports this notion. In several tumors and tumor cell 

lines, defects in sister chromatid cohesion were identified. This feeds new approaches to 

treat these cancers, as cells defective in the cohesion process have an increased sensitivity 

to several DNA-damaging agents1, 8, 9. Understanding the cohesinopathy syndromes can 

also help the search for novel cancer therapies for tumors with cohesion defects. By 

studying the cells deficient in cohesion proteins we can enlarge our understanding of the 

cohesion pathway and use that knowledge in exploring new cancer treatment strategies. 

Another interesting approach might be to search for molecules that inhibit pathways that 

have become essential for the survival of cohesion-defective cells, but not for normal cells. 

These pathways are very likely to be synthetic lethal in combination with defects in the 

cohesion pathway. With this approach, cohesion-defective cancer cells are selectively 

killed, while the surrounding cells that have normal sister chromatid cohesion are saved. 

By using cells from cohesinopathy patients and cohesion defective tumor cell lines in 

synthetic lethal screens, small molecules may be identified that are lethal when combined 

with a deficiency in sister chromatid cohesion. Functionally complemented cell lines 

described in this thesis can serve as the ultimate isogenic controls in this type of screens.            

 This thesis brings us closer to understanding the diagnostic and molecular 

background of cohesinopathy syndromes and the role of sister chromatid cohesion in the 

prevention of tumorigenesis. This knowledge might provide novel opportunities for 

exploiting the cohesion pathway in the treatment of cancer.  
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